Purpose: The relation between stock market volatility and macroeconomic fundamentals for G-7 countries is analyzed using monthly data over the period from July 1985 to June 2015.
Introduction.
Over the past few decades, as international stock markets have surged significantly, the issue of stock market volatility has become more prominent, especially during high volatility periods.
The analysis of financial market volatility is crucial for asset pricing, risk management and fund allocation (Martens and Zein, 2004) . Officer (1973) mentions that US stock market volatility was unusually high from 1929 to 1939 when compared to periods before and after. This view is supported by Schwert (1989) , who reports that stock market volatility was high during major episodes in US economic history such as WWI, the great depression of 1929, WWII, the OPEC oil shocks and similar events. Karunanayake, et al. (2010) and Manda (2010) also report similar results regarding stock market volatility during the global financial crisis of 2008. Apart from such major events that significantly affect stock market volatility, noise trading and investor overreaction to macroeconomic news can also impact such volatility (Liljeblom and Stenius, 1997; French and Roll, 1986) . Thus, understanding the relations between stock market and macroeconomic volatility is of importance to investors and other stakeholders, including policy makers, in order to know which factors affect stock market volatility and of any subsequent impact on the economy (Corradi et al., 2013) . This issue forms the focus of the paper.
In relation to macroeconomic fundamentals, the initial work of, for example, Fama (1981) , Schwert (1981) , Geske and Roll (1983) and Pearce and Roley (1983) provides the theoretical underpinnings for the dynamic linkage between macroeconomic variables and stock market returns. Since then, an extensive discussion in the finance and economics literature on the sensitivity of stock markets to the macroeconomic uncertainty in both developed and emerging economies has occurred. The state of the literature is summed up aptly by Chen et al. (1986) who notes that we are yet unable to determine which economic variables are responsible for the movement of stock returns. In contrast, however, Chan et al. (1998) dismiss the empirical relevance of macroeconomic fundamentals on security returns. They argue that such exogenous factors make a poor showing in asset pricing and are as useful as any randomly generated series.
Although, the connection between systematic risk factors and the volatility of stock returns is intuitively appealing and can be theoretically motivated (Boudoukh and Richardson, 1993) , there exists a large gap between the theoretical and empirical identification of such macroeconomic factors. The current study tries to bridge this gap by analyzing the volatility connectedness between stock returns and macroeconomic variables.
A sizeable empirical work has been advanced to study the linkage between the volatility of stock returns and macroeconomic fundamentals. For example, Schwert (1989) examines the relation of stock market volatility with the volatility of real and nominal macroeconomic series, financial leverage and trading volume by using monthly data from 1857-1987 for the US.
1 He argues that although the volatilities of interest rate and corporate bond returns are correlated with the volatility of stock market returns, none of these play a dominant role in explaining the behavior of stock market volatility. Further studies examine the behavior of stock returns and inflation and the money supply (e.g., Fama, 1981; Geske and Roll, 1983; Pearce and Roley, 1983 find a negative relation). Erdem, et al. (2005) find a negative volatility spillover impact of inflation and a positive spillover impact of interest rate, exchange rate, money supply and industrial production on stock prices.
Like Schwert (1989) , Morelli (2002) finds only a weak connection between stock market volatility and macroeconomic risk factors, notably industrial production index and money supply. Whereas, Diebold and Yilmaz (2007) volatility and stock market volatility in a global perspective. Similarly, Chinzara (2011) finds a positive volatility spillover from the T-bill rate, exchange rate and gold price while negative volatility spillovers arise from inflation. Narayan and Gupta (2015) find that the oil price is a significant predictor of stock returns. By using monthly data over the period of one and half century long for US, they find that negative oil price shocks are more significant in predicting stock returns as compared to positive shocks. Diaz et al., (2016) also document a negative response of stock market volatility to oil price volatility.
The main motivation of our research is to examine how macroeconomic volatility affects stock market volatility in G-7 countries. Our research will thus compliment and extend the existing literature (e.g., Wongbangpo and Sharma, 2002; Diebold and Yilmaz, 2007; Yartey, 2008; Diaz, et al., 2016) , which will also provide a point of comparison, especially given the number of crises that have occurred over the last 30-years period. 2 Of perhaps particular relevance is the impact of the two most recent crises that began with the bursting of the dotcom bubble as well as the global financial crisis. Moreover, while the work of Diebold and Yilmaz (2007) covers a wide range of markets, none of the previous research considers the impact of crisis periods on aggregate stock market returns in the framework of macroeconomic fundamentals.
The present study contributes in several ways; first, it uses an updated monthly data set covering the last 30-years for the G-7 countries, except France and Italy. 3 The use of both monthly data and a long sample period should ensure robust results that would help financial The remainder of this study is organized as follows. Section 2 presents the data and descriptive statistics and Section 3 explains the econometric methodology of this study. Section 4
and Section 5 present the empirical results and the concluding remarks respectively.
Data

Data and variables
The stock markets data used in this study are comprised of monthly indices of aggregate stock markets of G-7 countries. 4 The data is obtained over the time-period from July 1985 to June 2015. The time series plots of the stock market indices are displayed in Figure 1 and indicates that stock market indices follow a random walk pattern. As can be observed, while there are numerous up and down movements there are two noticeable downward swings for all G-7 countries except Japan, which has experienced less stock market growth since the 1980s. These coincide with the early 2000s dotcom crash and the global financial crisis.
The macroeconomic variables to be used in study are industrial production index (IPI), (Schwert, 1989 , Morelli, 2002 Flannery and Protopapadakis, 2002; Gan, et al. 2006; Chinzara, 2011; Hsing and Hsieh, 2012; Su et al., 2014; Kumari and Mahakud, 2015) . All the data series are converted into growth form by using first-difference logarithmic transformation (∆LnY t = LnY t -LnY t-1 ). Majority of macroeconomic data series and stock market indices for G-7 countries are collected from the online Thomson Reuters
DataStream and CEIC global data base. 8 We also used Organization of Economic Co-operation and Development (OECD) data source to collect the missing data on short term interest rate for Japan, France and Italy.
Stability diagnostics for G-7 stock markets return
Our data for the G7 stock markets covers a history of three decades. Therefore, it is possible that the data contains structural breaks. For this purpose, we estimate the recursive residuals from an AR model (discussed below) with plus/minus two standard errors, which are displayed in Figure   2 . Evident in the plots of the recursive residual are various low and high extremes. Of particular interest are those that cross the standard error bounds, which appear evident during the stock market crash in 1987, Asian financial crisis, early 2000s crisis and the global financial crisis. Therefore, the current study uses dummy variables to captures the impact of crises periods.
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For consistency, we also consider a similar exercise for the macroeconomic variables, to illustrate Figure 3 reports the plots for the US. As can be observed from this figure, we can see the potential for breaks occurring over the same time-period as those for the stock returns.
Notably, this is for the financial crisis period and, to a lesser extent, the bursting of the dotcom bubble. Thus, the dummy variables we include, as noted above, appear to be appropriate for the macroeconomic series. 
Methodology
To analyze the dynamic relation between stock market volatility and macroeconomic risk factors we use a vector autoregressive (VAR) model. A significant body of the literature (Liljeblom and Stenius, 1997; Errunza and Hogan, 1998; Morelli, 2002; Chinzara, 2011; Kumari and Mahakud, 2015) has previously considered this approach. Prior to the application of the VAR model, we first capture the stock market and macroeconomic volatilities using a GARCH model.
GARCH model specifications
The autoregressive conditional heteroscedasticity (ARCH) model was introduced by Engle (1982) before Bollerslev (1986) One assumption underlying the standard GARCH model is the symmetry of shocks on volatility. However, it is argued that negative shocks should have a greater impact on volatility than positive shocks of an equal magnitude. Therefore, we consider the exponential-GARCH (EGARCH) model of Nelson (1991) . The model is given by:
Where γ k is the coefficient of asymmetric component and if it is significant and negative then negative (or bad news) brings higher volatility compared to positive news of the same magnitude. In the empirical application below we consider both the GARCH and EGARCH models and select the preferred model according to Akaike Information Criterion (AIC). 
VAR Models
Empirical Results and Discussion
GARCH models results and discussion
GARCH models are estimated for all stock markets return and macroeconomic variables for the G-7 countries with the results are presented in Table 2 . The conditional mean model (not reported) was estimated according to an ARMA specification. 13 The results of the volatility models with dummy variables show evidence volatility persistence in all the stock return and macroeconomic growth series except for exchange rate and oil prices for France and CPI and exchange rate for Italy. The results of EGARCH model show clear evidence of asymmetry in all the stock markets return except UK. In case of macroeconomic variables, the asymmetry coefficient (γ) of industrial production, short-term interest rate and oil price is significant for 13 In most of the series we only added a AR(1), MA(1) or ARMA(1,1) in the mean equation in order to ensure a white noise error term although in a few cases the AIC and SIC values were lowest at higher order ARMA process.
Page 11 of 34 most G-7 countries. Whereas, the asymmetry coefficient of money supply, inflation and exchange rate is insignificant for all countries except for CPI for UK that has significant γ. The results of EGARCH model show that the overall response the volatilities of stock market returns and macroeconomic variables to the market news is identical. The significant and negative value of asymmetry coefficient indicates that the negative news has a greater impact on the volatility of stock markets return and macroeconomic variables, than positive news of same magnitude.
These results are consistent with findings within the literature (e.g., Schwert, 1989; Campbell and Hentschel, 1992; Koutmos and Booth, 1995; Chinzara, 2011, Kumari and Mahakud, 2015) .
The dummy coefficients are significant in all the stock markets return except UK. For the macroeconomic variables, industrial production index has structural breaks for all countries. M2
TBR and CPI also have structural breaks for all countries except for M2 for the UK. Similarly, exchange rate has structural breaks for all countries except France and Germany. Finally, the results of oil price data do not indicate any structural break for USA, Canada, Japan, France and Germany. Most of the significant coefficients of dummy variables are negative which indicate that during the crisis period volatility is much higher as compared to non-crisis period.
VAR models results and discussion
Having obtained the conditional volatilities for the stock market and macroeconomic series from the appropriate GARCH model, we now estimate a system of simultaneous equations using the vector autoregressive (VAR) framework. The appropriate lag length is selected by AIC lag selection criteria. 14 After selecting the lag length, we estimate block exogeneity (F-statistics) to analyze the causal connection between the volatilities of the macroeconomic variables on stock 14 In addition to the AIC we also consider the BIC and FPE (final prediction error). In each case the AIC and FPE choose the same lag length, as does the BIC for three markets. For the remaining markets the BIC chooses a shorter lag length. We opt for the AIC/FPE lag length to avoid the potential issue of selecting too short a lag length. 
Page 12 of 34 market returns. One important issue concerns the identification of the VAR in which the ordering of variables is important (Mills and Mills, 1991) . To consider this, we estimate various combinations of the given variables in our VAR system, while the reported results are the ones that are robust with respect to different possible orderings of the variables. The results of the block exogeneity tests for volatility transmission between the macroeconomic and stock markets variables are presented in Table 3 .
The results in Panel-3A of Table 3 show the volatility transmission from macroeconomic factors to stock market returns. These results indicate that the volatility of industrial production growth and money supply significantly influence US stock market volatility. For the UK, only CPI is found to significantly affect stock market volatility, while for Canada, Japan, Germany,
France and Italy the volatility of the monetary variables (money supply and CPI) significantly impact stock market volatility. The volatility of industrial production growth is also a significant macroeconomic factor for stock market volatility for France and Italy. These results partly confirm those previously reported in the literature (e.g., Erdem, et al. 2005; Diebold and Yilmaz 2007 and Chinzara, 2011) . Oil price volatility is also identified as an important determinant of stock market volatility in Canada and Japan. As oil is a major input for economic activity, it is plausible that oil price fluctuations would influence the level of output through production costs and the prices of consumer goods, which in turn will affect household consumption and profitability of firms. Of the markets considered here, Canada is the largest exporter of oil, while Japan is the second largest importer of oil, after the US, which is also an oil producer and thus, less impacted by oil price fluctuations. Diaz et al., (2016) also report a strong connection between oil price volatility and stock market returns in their study on G-7 countries.
In case of Japan, the volatility of money supply, inflation, exchange rate and oil price are 
Page 13 of 34 significant factors affecting stock market volatility. Thus, we observe more interaction from the macroeconomic variables. This may be because the Japanese economy has faced a difficult situation for the past two decades, starting from the late 1980s and which has been accompanied by unorthodox monetary policy. A possible reason for the stronger integration between the volatility of the monetary and stock market variables could be accredited with the fact that the exchange rate (yen/dollar) was a dominant factor affecting monetary policy and trade tensions between the US and Japan, especially in the first decade of our sample period. Indeed, the exchange rate was subject to political influence, which affected market expectations (McKinnon and Ohno, 1997).
The above results provide evidence of significant macroeconomic volatility transmission to the volatility of stock market returns for all G-7 countries. The results of volatility transmission from stock market to macroeconomic variables are presented in Panel-3B of Table   3 . The findings of the block exogeneity test indicate volatility transmission from stock market to macroeconomic variables for all G-7 countries except the UK. The results for UK indicate that there is a unidirectional volatility transmission moving from macroeconomic variables to stock market return, while for the rest of countries it is bidirectional. The results of causality linkage between the volatilities of stock markets return and macroeconomic variables for the UK are in line with Morelli (2002) , who also reports a weak volatility connection between macroeconomic variables and stock market returns for the UK.
To analyze the speed, direction and persistence of stock market volatility in response to macroeconomic shocks, we estimate 24-month impulse response functions, which are reported in Figure 4 . 15 Generally, the response of stock market volatility to the innovations of 15 Results of remaining IRFs of other macroeconomic variables were also estimates in the VAR system, but for space interest, all results are not reported here and can be made available on request. over the 24-months horizon period for all G-7 countries except Canada and Japan. In case of Canada, the response is initially positive and then after one year it becomes negative while for Japan it is insignificant and negative. We note that for the US and Italy, the positive impact of VOLIPI on stock market volatility becomes significant and sustainable after the 12 th and 20 th month respectively, while for UK, Germany and France it remains insignificant over the 24-months horizon period. The results are similar to Schwert (1989) and Morelli (2002) .
The response of stock market volatility to money supply volatility (VOLM2) shocks is positive for all countries except France where it is initially positive but over the long run it becomes negative. The literature has also reported mix results about the response of stock market to money supply. 16 The results for France are in the line with (Grossman, 1981; Urich and Wachtel, 1981; Pearce and Roley, 1983; Gan, et al. 2006 and Adjasi, 2009 (Fama and Schwert, 1977 and Fama, 1981) . A counter 16 Mukherjee and Naka (1995) argue that analyzing the impact of money supply shocks to stock markets is an empirical question and that results can vary depending upon the selections of sample data sets, countries, measures of variables used. So, the results can be different for different researchers and this argument was found to be true after examining the results of mentioned studies in the literature, some researchers have found positive relation while others have found negative between money supply and stock prices volatility. 17 See Gan, Lee, Yong, and Zhang (2006) found a negative response of New Zealand stock market volatility to money supply (M1) shocks. Similarly, the consensus finding from the studies of Grossman, 1981; Urich and Wachtel, 1981; Pearce and Roley, 1983 ) is that they all have associated the higher interest rate to the high unexpected money growth and that would lead to lower the stock prices. 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 60
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Page 15 of 34 argument in favor of a positive response of stock market volatility to money supply has also been made (e.g., Friedman and Schwartz, 2008; Muradoglu and Metin, 1996; Bailey, 1988; Maysami and Koh, 2000) . This line of research argues that money growth would lead to an increase in liquidity and the purchasing power of consumers that would ultimately lead to an increase in the price of stocks.
The results of impulse response functions of stock market volatility with respect to one standard deviation innovations in the Treasury bill (VOLTBR) indicate a negative response for all stock markets except the Nikkei 225 for Japan. This negative response is consistent with Chinzara (2011) , who reports similar results for South Africa. The positive response of Japanese stock market volatility to VOLTBR is in line with the findings of Kumari and Mahakud (2015) for India. That said, the stock market volatility response in this case is only significant for the US and Canada in short-run otherwise. The response of stock market volatility to inflation shocks is positive and mainly significant over the short and medium term for all countries except the US and Italy. Once again, the challenge of mixed results is persistent because Adjasi, (2009) among others finds a negative response of stock market volatility to inflation rate while positive response to the interest rate shocks.
A mixed response of stock market volatility to exchange rate volatility (VOLER) is also observed. For the US and UK, it appears positive over the horizon period while for rest of the countries the spontaneous response of stock market volatility is negative but over the long run it also becomes positive. However, the response of the Japanese market is opposite to the other stock markets. In short run, the response of the Japanese market is positive, but over the long run it becomes negative. A possible reason for this behavior can be given by McKinnon and Ohno (1997) , who argue that the underlying factors of exchange rate (yen/dollar) movements certainly
Page 16 of 34 affect market behavior, while policy failed to provide direction for the exchange rate.
Wangbangpo and Sharma (2002) also find a mixed relation between stock prices and exchange rate for some emerging Asian economies (Malaysia, Indonesia, Singapore, Thailand and Philippine) . Surprisingly, the response of stock market volatility to oil price volatility (VOLOIL) is insignificant and positive for the US, UK and Germany. These results are contradictory to Diaz et al., (2016) , who find a negative response of G-7 stock markets to an increase in oil prices. For Canada, Japan, France and Italy, the response of stock market volatility is negative to VOLOIL, but it significant only for Canada and Japan. The overall results of impulse response functions are in line with the block exogeneity results in Table 3 . Moreover, it can be observed from the impulse response functions that the relation between stock market volatility and macroeconomic factors is indeed bidirectional.
18 Thus, there is also evidence of significant volatility response of macroeconomic variables to the volatility of stock markets returns for all G-7 countries.
In order to provide further analysis of our results, we now consider the variance decompositions, which reveal proportion of stock market volatility that is explained by the macroeconomic volatility and vice versa. For this purpose, we estimate 12-period forecast for the variance decomposition with the results presented in Table 4 .
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Examining these results, it can be observed that the movement of volatility of stock market returns, for most the G-7 countries, arises from their own shocks. However, it is noticeable that some macroeconomic variables contribute to stock return volatility. At the 12 th period lag, about 38% of the variation in US stock market volatility is explained by the volatility 18 The results of IRFs are only reported here partially; the complete results are available with the authors and can be made available to the reviewers on demand. 19 The results of 12 periods forecast variance decomposition are only reported here for stock markets of G-7 countries. The complete results are not reported here due to space reasons and can be made available upon request. Examining these results in greater detail, for the US the main contributing factors are oil (VOLOIL) and industrial production (VOLIPI), contributing 15% and 13.35% respectively. For the UK, the highest contribution is made by consumer prices (VOLCPI), however, this is only 6.64%, with more than 80% of the variation arising from the stock market itself. For Canada oil and money supply (VOLM2) are the main factors, explaining 5.45% and 13.31% of the variation in stock market volatility. In case of Japan and Germany, money supply and consumer prices are the highest contributing factors, while for France, consumer prices and industrial production are the main contributing series. Finally, for Italy VOLIPI and VOLM2 contribute 17% and 8%
respectively to stock market volatility.
In terms of the reverse effect, the 12-period forecast variance decomposition reveal a weak contribution from stock market volatility to macroeconomic volatility. For Canada, stock market volatility contributes 8.6% of the movement in money supply growth volatility. For Japan, we observe 12% and 6% from stock market volatility to VOLIPI and VOLOIL respectively, while only 6% of the variation in VOLTBR arises form stock market volatility for Germany. Overall, these results reveal a weak contribution of macroeconomic volatility to stock market volatility and vice versa for our markets. This weak connection has previously been observed by Schwert (1989) . Whereas, Chinzara (2011) and Kumari and Mahakud (2015) reported a strong feedback connection from stock market volatility to macroeconomic uncertainty for emerging markets (i.e. South Africa and India).
To summarize, the empirical linkage between stock market volatility and the systematic
Page 18 of 34 risk factors remains unclear. Although the collective impact of systematic risk factors to stock market volatility is significant as shown by block exogeneity results, it is weak at the individual macro-series level. Of note, it would appear unexpected to find no significant relation arising from short-term interest rates. Generally, short-term interest rates are considered as perhaps the most important factor in stock market volatility as interest rate play a crucial role in determining both macroeconomic health and firm level decisions around the appropriate capital structure and investment plans. That said, the volatility of money supply growth is identified as the most dominant factor of macroeconomic volatility. Further, the significant dummy coefficients in EGARCH model for stock market returns and most of the macroeconomic variables indicate the potential for structural breaks. It may be that issues surrounding stability within the data can have a strong influence on the potential stock market and macroeconomic volatility nexus.
Concluding Remarks.
This paper considers the relation between stock market and macroeconomic volatility for the G-7 markets using monthly data over the period July 1985 to June 2015. In conducting the analysis, we take explicit account of two major crisis periods (the dotcom crash and the global financial crisis). We obtain the conditional volatilities of both stock market and macroeconomic variables by estimating GARCH-type models. The volatilities are then used in a VAR model in order to consider the linkages. The GARCH models reveal the usual characteristics of volatility persistence, with asymmetric behavior in the stock market returns as well as some of the macroeconomic variables (industrial production, short-term interest rate and oil price).
Furthermore, the GARCH results reveal a significant impact of the crisis periods on the majority of the volatility series. The VAR results reveal that the volatility transmission impact of industrial production, money supply and inflation is positive, for interest rates it is insignificant and negative for all countries except Japan, while for the exchange rate and oil prices the spillover impact is mixed across the different markets. The relation between stock market volatility and macroeconomic volatility unidirectional for UK, while for the rest of G-7 countries, causality is bidirectional, although it may not always be strong. Of particular note, money supply and exchange rate volatility has strong bidirectional causality with stock market volatility for the majority of countries.
Overall, the bidirectional causality highlights the nature of interdependence of macroeconomic fundamentals and stock market returns. This, in turn, is important for policy makers, investors and risk managers who should incorporate these interrelations into their decision making. As a final point, we have included dummy variables to account for the dotcom and financial crisis periods. Our results show that accounting for these periods is important. An extension to this work could be to consider further periods of market stress at both the local and regional as well as global level. This should further improve our understanding of the nature of the linkages between the stock market and the macroeconomy. 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60 
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